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APPARATUS AND METHOD FOR REFLECTION DELAY SPLITTING DIGITAL CLOCK 

DISTRIBUTION 

BACKGROUND OF THE INVENTION 

[0001] Today's high performance systems need clock generation systems that minimize skew. 
Indeed, skew has become the major part of constraints that form the upper boundary for the 
system clock frequency. Skew is defined as the difference in time between simultaneous clock 
signals within a system. 

[0002] Reduction in system clock skew reduces cost by avoidihg complicated architecture or the 
necessity for faster logic components. Further, as skew is^educed, higher clock rates and better 
timing analysis become possible. It is therefore ts thcro^re - desirable to provide every 
component that needs clocking, such as flip-flops and latches, with the edge of the clock at the 
same time within each clock period. As can be expected, in current system design, extensive 
(and expensive) resources are dedicated to creating clock distribution systems and 
methodologies that minimize skew across entire system. 

[0003] Known clock distribution methodologies focus on the creation of geometrically similar 
clock distribution circuits known as clock trees. In other words, each component that receives a 
clock signal is connected to the reference clock by a trace of the same length having the same 
electrical characteristics. It is know to provide buffers, at the nodes of such trees to distribute 
the clock signals. Distributed clock networks are also know that provide for the replication of 
the clock signal with a single phase locked loop located at multiple points ("nodes") across a 
tree (typically in conjunction with a buffer), and distributing the replicated clock signal only to a 
small section of the chip - once again using equivalent length traces. 

[0004] The use of clock trees and distributed clock networks requires a significant amount of 
space on the chip or board and ah equally significant amount of design time to ensure that all 
components requiring a synchronized clock input are located on the clock tree. Several software 
programs are available that assist with the optimizing of the layout of clock trees. Of course 
such optimization often comes at the expense of alternative layout that would provide greater 
design freedom or benefits from a non-distance based layout of components. 
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[0005] The use of clock trees also requires that any transmission line be of a fixed known 
length. Solutions that depend on fixed length signal paths have proven unsuitable in situations 
where it is desirable that the signal path be variable either during the design stage or in the actual 
product. For example, the transmission of a synchronized clock signal over data busses, such as 
SCSI, AGP, or PCI is difficult. The length of the bus is often varied during the design stage and 
installers and users frequently expand the bus with riser blocks and bus expanders - both of 
which increase the length of transmission lines - inducing skew. 

' [0006] Accordingly, the present inventors have recognized a need for clock distribution 

apparatus and methods capable of providing a coincident clock to dispersed locations wherein 
the clock traces can be of a variable length. 
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BRIEF DESCRIPTION OF THE i5rAWINGS 

[0007] An understanding of the present invention can be gained from the following detailed 
description of the invention, taken in conjunction with the accompanying drawings of which: 

[0008] FIG. 1 is a block diagram of a clock distribution circuit in accordance with a first 
preferred embodiment of the present invention. 

[0009] FIG. 2 is a block diagram of a clock distribution circuit in accordance with a second 
preferred embodiment of the present invention. 

[0010] FIG. 3 is a timing diagram useful for explaining the operation of a clock distribution 
system iii accordance with the preferred embodiments of the present invention. 
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DETAILED DESCRIPTION 

I 

[0011] Reference will now be made in detail to the present^invention, examples of which are 
illustrated in the accompanying drawings, wherein like reference numerals refer to like elements 
* throughout. 

[0012] FIG. 1 is a block diagram of a clock distribution circuit 100 in accordance with a first preferred 
embodiment of the present invention. It will be appreciated by those of ordinary skill in the 
relevant arts that the clock distribution circuit 100, as illustrated in FIG. 1, and the operation 
thereof as described hereinafter is intended to be generally representative such systems and that 
any particular system may differ significantly from that shown in FIG. 1, particularly in the 
details of construction and operation of such system, and still fall within the scope of the 
invention and the appended claims. As such, the clock distribution circuit 100 is to be regarded 
as illustrative and exemplary and not limiting as regards the invention described herein or the 
claims attached hereto. It is also to be noted that the block diagram shown in FIG. 1 has been 
simplified to avoid obscuring the present invention. Further, there are functional components 
that have been left out or conveniently combined with other functional components in FIG. 1 . 

[0013] FIG. 1 illustrates an embodiment of the present invention as applied to a source 
terminated destination device, also referred to as series termination or a point-to-point 
architecture. In FIG.' 1 a reference clock 102 is supplied to a first input of a first phase detector 
104 and a first input of a second phase detector 106. The first and second phase detectors 104 
and 106 are preferable type, 11 phase detectors, but may comprise type I if cost is an issue and 
delays aire limited to ±11/2. For delays greater than ±11/2 additional circuitry may be required. In 
general, the first phase detector 104 detects a phase lead of the output clock signal, while the 
second pha^e detector 106 detects a phase lag of a returned clock signal. In accordance with the 
first embodiment of the present invention, the returned clock signal comprises a reflected clock 
signal. The clock distribution circuit 100 outputs a signal based on the average of the phase lead 
and the phase lag. 

[0014] The example shown in FIG. 1 illustrates a single clock signal sent to a single destination 
device. Those of ordinary skill in the art will recognize that most implementations of a clock 
transmission system in accordance with the embodiments of the present invention will involve 
multiple transmission lines. Each transmission line would have an instance of a clock 
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distribution circuit 100 fed by the same reference clock. Each instance would preferably be 
connected to the reference clock lOiZ with a trace of the same length and electrical 
characteristics. It is possible for the output of any single clock distribution circuit 100 to feed 
multiple instances of other clock distribution circuits in much the same configuration as a 
distributed clock networks. 

[0015] A summing circuit 108 averages the outputs of the phase detector 104 and the phase 
detector 106; The summing circuit could, for example, comprise two equal value resistors that 
would typically be part of a common low-pass filter from the phase detectors 104 and 106. 
Alternatively, digital logic circuits can be used and may in fact be preferable as logic could be 
added to compensate for situations where the lag exceeds 180 degrees. The output of the 
summing circuit 108 Is used to drive a voltage -control led oscillator (VCO) 1 10. The resultant 
signal, termed herein the output clock signal, is supplied to a transmission line 1 16 via a buffer 
1 12 and a build out resistor 1 14. The buffer 1 12 acts to isolate the VCO 1 10 from the effects of 
load impedance variations in subsequent stages. The build out resistor 1 14 matches the 
characteristic impedance of the transmission line 1 16 so as to block reflected signals. The build 
out resistor 1 14 and may be selected based on a difference between the impedance of the buffer 
1 12 and the transmission line 116. 

[0016] The second input of the first phase detector 104 is, in essence, the output clock signal as 
detected after the buffer 1 12 and prior to the resistor 1 14. The detection of the output clock 
signal could occur at different locations, for example just after the VCO 1 10, but it is preferable 
to detect the signal as close to the start of the transmission line 1 16 as possible. 

[0017] The second input of the second phase detector 106 is a representation of the reflection of 
the clock signal off the destination device 150, e.g. the reflected clock signal. An amplifier 126 
compares, for example by subtracting, a signal output by the buffer 1 12 with the signal 
(including the output clock signal and the reflected clock signal) as detected after the build out 
resistor 1 14. The output of the amplifier 126 is a representation of the signal reflected off the 
destination device. 

[0018] In essence the amplifier 126 measures the current polarity and magnitude across the 
build out resistor. Resistors 120 and 122 reduce the amplitude of the signal output from the 
buffer 1 12 to match the attenuation attributable to the resistor 1 14 and the transmission line 
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impedance. As such the values for the resistors 120 and 122 may be set based on the build out 
resistor 1 14 and the transmission line 1 16. The amplifier 126 along with resistors 120, 122 and 
114 form what is generally referred to as a hybrid circuit. A hybrid circuit subtracts the locally 
generated signal component from that carried on a bi-directional transmission line - effectively 
extracting the portion of the signal that originated from the other end of the transmission line. 
Thus, the signal from the amplifier 126 is the clock signal as delayed by traveling the length of 
the transmission line 1 16 and being reflected back by the un-terminated destination device 150 - 
generally referred to herein as the delayed clock signal. 

/ 

[0019] FIG. 3 is a timing diagram useful for explaining the operation of a clock distribution 
circuit in accordance with the preferred embodiments of the present invention. Reference signal 
302 is the clock signal output by clock 102. Signal 304 is a representation of a signal, as seen 
between the buffer 1 12 and the build out resistor 1 14, e.g. the output clock signal. This signal is 
also supplied as feedback to the first phase detector 104. Signal 306 represents the output of the 
phase detector 104, e.g. the lead of the output clock signal. Signal 308 is a representation of a 
signal, after the build out resistor 114. As such the signal 308 is the sum of the output of the 
build out resistor 114 (from the buffer 1 12) plus the reflected signal returning from the 
transmission line 1 16. Signal 3 10 is a representation of a signal output by the amplifier 126, 
supplied as feedback to the second phase detector 106. Signal 312 represent the output of the 
, phase detector 106, e.g. the reflection return lag. Signal 314 represents the unfiltered input 
signal to the VCO 1 10. Signal 316 represents the filtered VCO input, e.g. the output of the 
sum/average circuit 108. Signal 320 is a representation of a signal, as seen by the destination 
device 150. 

[0020] In FIG. 3 signals 304 though 314 have alternative traces shown in dotted line indicating 
the temporary shifts evident during start up or shifts causes by changes in the length or electrical 
characteristics of the transmission line 116. In response to such changes the voltage supplied to 
the VCO 110, as represented by signal 316, would temporarily increase or decrease to adjust the 
phase (and hence the frequency) of the output thereof 

[0021] Reference signal 302 is the clock signal that is to be propagated to the various destination 
devices (of which only a single device 1 50 is shown). To ensure that the signal received by the 
destination device 150 coincides with the reference signal 302 with respect to time, some lead 
must generally be introduced into the output clock signal 304. A representation of such lead can 
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be seen in the signal 306. The amount of lead will vary from device to device based on the 
length of the transmission line 1 16 and the effects of any interceding components. In 
accordance with a preferred embodiment of the present invention, the amount of lead introduced 
is based on a percentage of the delay, e.g. the lag, sensed in the return signal 310. A 
representation of the lag detected in the return signal can be seen in the signal 312. 

[0022] For phase detectors (e.g. 104 and 106) of equal gain, the percentage of the sum from 
each phase detector will be fifty percent. The goal is for the DC feedback null point to occur 
when the transmitted phase lead is equal to the received phase lag. The portions of input from 
each phase detector 104 and 106 are analogous to the propagation times to and from the 
destination device. Given that the time to travel the length of the transmission line 116, are the 
same in either direction, the portions of input from either phase detector 104 and 106 are equal 
in magnitude, and opposite in polarity relative to the DC reference. The feedback null point 
therefore represents the phase at far end of the transmission line 116, being the rnid point of the 
total round trip, and zero phase offset from the reference. The percentages of feedback from 
: either phase detector 1 04 or 1 06 may be varied to compensate for any unbalances present in the 
two feedback paths. The percentage may vary depending on any unbalances present in the two 
feedback paths. 

[0023] The signal 308 is a representation of the transmitted signal and the reflected signal as 
detected at the start of the transmission line 1 16. If the signal were sample progressively closer 
to the destination device 150, the effects of the reflected signal would be incrementally reduced 
to zero. The amplifier 126 acts as part of a hybrid circuit to filter out the transmission signal 
leaving the reflected signal, as represented by signal 310. As stated above, this is accomplished 
^ by comparing a percentage of the output of the buffer 1 12 with the signal after the build out 
buffer 1 14. The percentage of the signal output of buffer 1 12 used for the comparison may, for 
example be 50%, but may also vary depending on the portions of the transmission line 
impedance represented by buffer 1 12 and build out resistor 114. To prevent a second signal 
reflection at the source, the sum of the output impedance of buffer 122 and the'build out resistor. 
1 14 should match the impedance of the transmission line 1 16. 

[0024] Supplying a signal 3 16, representing the average of the signals 306 and 3 12, to the VCO 
110 provides a basis for an output clock signal 304 that, upon propagating across the 
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transmission line 1 16, will present an accurate representation of the reference signal at the 
destination device ISO. 

[0025] FIG. 2 is a block diagram of a clock distribution circuit 200 in accordance with a second 
preferred embodiment of the present invention. It will be appreciated by those of ordinary skill 
in the relevant arts that the clock distribution circuit 200, as illustrated in FIG. 2, and the 
opieration thereof as described hereinafter is intended to be generally representative such systems 
and that any particular system may differ significantly from that shown in FIG. 2, particularly in 
the details of construction and operation of such system, and still fall within the scope of the 
invention and the appended claims. As such, the clock distribution circuit 200 is to be regarded 
as illustrative and exemplary and not limiting as regards the invention described herein or the 
claims attached hereto. It is also to be noted that the block diagram shown in FIG. 2 has been 
simplified to avoid obscuring the present invention. Further, there are functional components 
that have been left but or conveniently combined with other functional components in FIG. 2. 

[0026] Figure 2 illustrates an embodiment of the present invention with respect to parallel 
termination. A reference clock 202 is supplied to a first input of a first phase detector 204 and a 
first input of a second phase detector 206. In general, the first phase detector 204 detects a phase 
lead of the output clock signal, while the second phase detector 206 detects a phase lag of a 
returned clock signal. The clock distribution circuit 200 outputs a signal based on the average of 
the phase lead and the phase lag. 

[0027] The example shown in FIG. 2 illustrates a single clock signal sent to a single destination 
device. Those of ordinary skill in the art will recognize that most implementations of the clock 
transmission system will involve multiple instances of the clock transmission circuit 200 with 
multiple transmission and signal return line 216 and 218. Each transmission line and signal 
return line would have an instance of a clock distribution circuit 200 all fed by the same 
reference clock. Each instance would preferably be connected to the reference clock 202 with a 
trace of the same length and electrical characteristics. It is possible for the output of any single 
clock distribution circuit 200 to feed multiple instances of other clock distribution circuits much 
in the same configuration as a distributed clock networks. 

[0028] In accordance with the second embodiment of the present invention, the clock 

distribution circuit 200 uses a signal return line 218 matched to the transmission line 216 to 
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provide, at the source, the returned clock signal. As with the first preferred embodiment, the 
round trip transmission delay time is compared against the output of the clock buffer, e.g. buffer 
212, to determine the mid-point of the return signal delay. As the returned clock signal is 
segregated from the output clock signal, additional circuitry is eliminated at the price of having 
to geometrically match the signal return line 218 to the transmission line 216. 

[0029] A summing circuit 208 averages the outputs of the phase detector 204 and the phase 
detector 206. The output of the summing circuit 208 is used to drive a voltage-controlled 
oscillator (VCO) 210. The resultant clock signal is supplied to a transmission line 216 via a 
buffer 212. The buffer 12 acts to isolate the VCO 210 from the effects of load impedance 
variations in subsequent stages. The second input of the first phase detector 204 is taken after 
the buffer 212 at the start of the transmission line 216. The second input of the second phase 
detector 106 is connected to the signal return line 218. A resistor 214, shunted to ground 224, 
terminates the signal return line 218 and, as such, should be selected to match the characteristic 
impedance of the signal return line 218 so as to eliminate or reduce reflected signals. 

[0030] The representative signals shown in FIG. 3 may also be used to illustrate the function of 
the clock distribution circuit 200. Reference signal 302 is the clock signal output by clock 202. 
Signal 304 is a representation of a signal supplied as feedback to the first phase detector 204. 
Signal 3 1 0 is a representation of a signal supplied as feedback to the second phase detector 206. 
Signal 320 is a representation of a signal as received by the destination device 250. As the 
returned signal is obtained from a separate signal return line 218, the signal 308 is not 
applicable. As in the first embodiment, taking the average of the signals 306 and 312 provides a 
basis for an output signal that, upon propagating across the transmission line 216, will present an 
accurate representation of the reference signal at the destination device 250. 

[0031] Although two embodiments of the present invention has been shown and described, it 
will be appreciated by those skilled in the art that changes may be made in these embodiments 
without departing from the principles and spirit of the invention, the scope of which is defined in 
the claims and their equivalents. 
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